The goal of treatment in displaced lateral condylar fracture is to achieve union without residual deformity. However, growth disturbance may occur despite initial anatomic reduction and secure fixation. Objectives: The purpose of this study was to evaluate clinical and radiographic results and assess complications associated with the operative treatment of lateral condylar fractures in children. Methods: A total of 73 pediatric patients under the age of 13 years, who were diagnosed with displaced lateral condylar fractures of the humerus and were treated with open reduction and internal fixation, were assessed from March 2011 to September 2015. The mean follow-up duration in these patients was 22 months (8 -48 months). The clinical results were evaluated using the Hardcare scoring system. Also, anteroposterior and lateral radiographic views were assessed to identify the union process and presence of complications. Results: The results of evaluation on 48 boys and 25 girls demonstrated that lateral condylar fractures of the humerus were more common in boys, aged 5-8 years (average: 57.1%). There was no significant relationship between complications and sex. However, according to the radiographic evaluation, while fractures in 71 (97.2%) patients were completely united without any complications, 2 (2.8%) patients experienced overgrowth of the lateral humeral condyle. Clinical evaluation demonstrated excellent and good outcomes in 68 and 5 patients, respectively. Also, evaluation of Hardcare scores revealed no significant relationship between complications and clinical outcomes. Conclusions: The present results were in line with previous research regarding the absence of complications such as non-union, avascular necrosis, fishtail deformity, cubitus varus, cubitus valgus, and pain. The findings demonstrated that the acceptable treatment option for displaced and rotated fractures is open reduction and internal fixation. Furthermore, deformity did not affect the clinical outcomes of fractures.
Background
Lateral humeral condyle fractures are common problems, affecting the elbow joint in children (1) . These fractures account for nearly 5% -20% of pediatric elbow fractures and are ranked second place between supracondylar and medial epicondylar fractures (2) (3) (4) Lateral condyle mass fractures occur most commonly at 5 -10 years of age (3) . The fracture line starts laterally in the metaphysis and extends between the condyles towards the elbow joint through the largely cartilaginous epiphysis. These fracture lines may or may not actually extend into the joint and pull the extensor muscles to cause displacement (5) .
Lateral condylar physeal fractures can be classified by either the anatomic location of the fracture line or the extent of displacement. The most common classification for lateral humeral condyle fractures is based on the degree of displacement between fragments (6). Weiss et al. (6) has classified fractures in accordance with the fracture segment displacement and disruption of the cartilaginous hinge ( Figure 1 ). Type I fractures are displaced less than 2 mm, type II fractures are displaced more than 2 mm but have an intact cartilaginous hinge, and type III fractures are displaced more than 2 mm and do not have an intact cartilaginous hinge. Furthermore, 60% of all fractures involving the lateral condylar physis are classified as type II and III fractures.
While the pediatric elbow is most often incompletely ossified when the fracture occurs, diagnosis of injury and detection of its severity require appropriate treatment; indeed, proper treatment leads to fewer fracture complications. Consequently, proper diagnosis and adequate treat-Copyright © 2016, Iran University of Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited. (Weiss, 2009) ment might prevent serious complications in the elbow joint and preserve the neurological function of the arm and hand (7) . Lateral condylar fractures may be managed with immobilization alone with cast, closed reduction and percutaneous pinning, or open reduction and internal fixation, with respect to the extent of displacement and degree of instability (8) .
The treatment goal in lateral condyle fractures is achieving union without residual complications. According to a previous study, concurrent use of open reduction and internal fixation is the optimal procedure for displaced and rotated lateral condylar fractures of the humerus in children (1) . However, despite initial anatomic reduction and secure fixation, complications such as nonunion, avascular necrosis, premature epiphyseal fusion, lateral condylar overgrowth, elbow stiffness, cubitus varus or cubitus valgus, and fishtail deformity may occur after the operative treatment of lateral condylar fractures (9) .
According to the literature review, the outcomes of open reduction and internal fixation for lateral humeral condyle fractures have not been recently investigated in Iran. Therefore, in this study, we retrospectively studied the clinical and radiological outcomes of open reduction and internal fixation as the initial treatment option for displaced fractures in pediatric patients. As recommended by Lemme et al. (7) , we believe that review of these injuries at a single medical center would help identify and assess treatment approaches and their outcomes.
Objectives
The purpose of this study was to evaluate the clinical and radiographic results, including complications associated with lateral condylar fracture treatment in children below 13 years of age, who underwent operative treatment at Shafa hospital, Tehran, Iran.
Methods
This retrospective study was carried out on all patients, admitted to the orthopedic department of Shafa hospital, Tehran, Iran between March 2011 and September 2015 in order to evaluate the clinical and radiographic results of lateral condylar fracture of humerus. We only included children who were below 13 years of age and had displaced fractures of the lateral humeral condyle. The subjects were treated with open reduction and internal fixation within three days following the trauma; the minimum of postoperative follow-up was six months.
The study was approved by the Institutional Review Board of Iran University of Medical Sciences. After obtaining the parents' informed consents, children underwent clinical examination, and radiographic views of the involved elbow were obtained.
The demographic and clinical data were entered in a database constructed for this study, and the information was analyzed, using SPSS Version 23 (IBM Corporation, Armonk, NY). Statistical analysis was performed, using Chisquare test and Fisher's exact test. Hardcare scoring system was applied for the evaluation of the clinical results (1) (Table 1), and anteroposterior and lateral radiographic views were obtained to evaluate the radiographic results.
Results
In this study, patients with type II and III lateral condylar fractures of the humerus underwent operative treatment. A total of 73 patients, including 48 (66%) boys and 25 (34%) girls within the age range of 1 -12 years, were evaluated (average age: 6.9 years for boys and 7 years for girls); the observed difference was statistically significant (P = 0.04). The patients were divided into three age groups of 1-4, 5-8, and 9-12 years in which 12 (16%), 41 (56%), and 20 (28%) fractures were reported, respectively; the findings indicated a higher rate of fracture occurrence in the age group of 5-8 years ( Table 2) .
The mean follow-up duration was 22 months (8 -48 months) and union was observed in all 73 patients in the final follow-up. No cases of avascular necrosis, fishtail deformity, non-union, cubitus valgus, cubitus varus, or spur were encountered. Complete union without any complications was reported in 71 (97.2%) patients. Nevertheless, among 73 patients, obvious lateral condylar overgrowth of the distal humerus was observed in the radiographic evaluation of 2 (2.8%) boys in the age groups of 1 -4 and 5 -8 years, respectively; however, no functional abnormality was evident. There was no significant relationship between treatment-related complications, sex, and age group (P = 0.3) (Table 3 ). Table 4 summarizes the relationship between Hardcare score and several factors such as gender, age group, and complications. The clinical results using the scoring system by Hardcare et al. were excellent in 68 (93%) patients and good in 5 (7%) patients; also, no poor results were reported in the subjects. Furthermore, 16.2%, 55.9%, and 27.9% of cases with excellent scores were in the age groups of 1 -4, 5 -8, and 9 -12 years, respectively.
All the girls (100%) showed excellent clinical results, while 89.6% of the boys demonstrated excellent clinical results. Based on the findings, Hardcare score was not significantly associated with the age group or sex (P=0.9). In cases with excellent clinical results, two patients had lateral condylar overgrowth, and all cases with good results experienced no complications. Statistical evaluation revealed no significant relationship between Hardcare score and overgrowth of lateral humeral condyle (P = 0.5).
Discussion
Lateral condylar fractures of the humerus are one of the most common fractures in children. Open anatomical reduction and internal fixation with K-wires, followed by cast immobilization are the gold standard treatment for displaced fractures in children, as this treatment strategy leads to excellent clinical and radiological results (10) . Although this treatment is very effective with excellent functional results, few complications may affect the clinical outcomes.
In terms of gender, the present results revealed that 66% of the patients were male. This finding was consistent with previous research, indicating male predominance in lateral condylar fractures in comparison with females (3, 4, 8) . Considering age, fractures mostly occurred in the age group of 5 -8 years, which is in congruence with some previous studies (3, 4, 8) . However, we could not find any similar studies to make further comparisons; therefore, it is essential to determine which type of fracture is more common in boys and this age range. The main finding of the present study was the relationship between treatment with open reduction and internal fixation and complications. While in the current study, radiographic overgrowth of lateral condyle was noted in 2.8% of the patients, Marcheix et al. (11) reported an incidence rate of 7% in patients. Furthermore, according to Koh et al. (9) , lateral overgrowth is the most common residual deformity following lateral condylar fractures.
A study by Pirbaz (12) reported the presence of lateral spur in nearly 73% of pediatric patients, whereas in our follow-up, no spur was observed on radiographs. The present study confirmed the results of previous research, which revealed fewer complications such as non-union, avascular necrosis, fishtail deformity, cubitus valgus, cubitus varus, and persistent pain in patients undergoing surgical treatment (2) .
In this study, clinical outcomes based on the Hardcare scoring system were excellent in 93% of the patients and good in 7% of the cases in the final follow-up. While Marcheix et al. (11) showed excellent, good, and poor results in 67%, 13%, and 20% of the patients, comparison of the findings indicated a higher rate of excellent scores in our patients. Also, two cases of heterotopic ossification were reported without any clinical or functional consequences. Unfortunately, we could not find any similar studies in this area for further comparisons.
One of the limitations of this study was that fractures were treated by different surgeons, despite the use of consistent treatment protocols. Also, the retrospective design of the study, short-term follow-up of distal humeral fractures, radiographic study of the carrying angle, and possible measurement bias are the other shortcomings of this research.
Taken together, it can be concluded that excellent clinical results and radiographic union can be achieved in children with lateral condylar fractures via operative treatment. Lateral overgrowth was found to be the most common complication. The results of this study can be applied as a significant and useful guideline to help orthopaedic departments offer high-quality operations while considering the associated complications. Also, these findings can be used as a reference for future prospective studies with similar research intentions.
